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The experiments were carried out in a beam-plasma system that has 2 been described in detail previously : A monoenergetic electron beam of 16 kV, 60 -100 ma and 2|j, sec duration was injected into the afterglow of -2 a pulsed discharge in Ne at a pressure of 4 x 10 Torr, The discharge tube was 4 cm in diameter and 50 cm long; beam and plasma were pulsed with a repetition frequency of 30 Hz. Prior to entering the plasma the beam was modulated at two frequencies fQ and (9.49 and 9.39 GHz respectively) by passing it through an X-band waveguide so that the electric field was in the direction of the beam velocity. The delay time between initiation of the discharge and injection of the beam pulse was chosen so that the plasma density corresponded to the density of maximum instability for the 9.49 GHz wave. To insure stable operation and reproducibility the neutral gas pressure variations, which were the main source of plasma density fluctuations, had to be kept below .57.. The radiation from these waves was monitored by an X-band receiver whose frequency could be swept from 8.2 to 12.4 GHz. A Ku-band receiver (13 -18 GHz) and an if-amplifier at 100 MHz were used to monitor the sum-and difference frequency.
With the two primary waves located on the unstable, negative energy branch, there are four different ways in which the two waves can couple to a third wave: to the difference -or sum frequency on either energy branch. o Coupling to the sum frequency on the positive energy branch is explosive; the three other cases are of the decay type.^ In the present experiment radiation was only detected at the difference frequency, any signal at the sum frequency, if present, was below the sensitivity of our receiver (-100 dBm). Inasmuch as the waves on the positive energy branch are damped, we may expect coupling to the difference frequency on the negative energy branch to be the most effective process.
In Fig. 1 (a) and W(o)q ,w^jU^) is the coupling constant. In the present experiment the growth rates of the high frequency waves are essentially equal and the growth rate of the wave at the difference frequency is very small. It can 7 be shown from numerical solutions that the decay length for this case is only slightly larger (10 -15%) than that given by Eq. 1. It is convenient to express W in terms of the nonlinear growth rate = W aQ (0). In the present problem this can be written
Where is given by
A direct experimental determination of the decay length, and thereby of the coupling constant, by measuring the spatial variation of the wave amplitudes was found to be impractical due to poor spatial resolu tion of the microwave receiver. We therefore fixed the position of the receiver at 30 cm from the entrance aperture of the beam and varied 
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for modulation at the frequency of maximum instability. A modulation power of 100 mW corresponds to an electric field Eq (0) of 0.42 V/cm. The so determined value of rNL is indicated in Fig. 2 (b) together with the theoretical curve in the vicinity of the most unstable mode. Although there is considerable uncertainty in the absolute experimental determination of p , it appears that there is a disagreement between the experimental and theoretical value.
Whether the source of this discrepancy can be traced to the inadequacy of the theory is not easy to ascertain, however, in view of the fact that the wave" length of the low frequency mode is comparable to the decay length we cannot expect the theoretical model to provide more than a rough approximation to the experimental situation.
At larger modulation power the points of maximum amplitude deviate substantially from the theoretical curve ( Fig. 2 (a) ) and the inter action changes in character. The frequency spectrum of the received radiation reveals that apart from the two primary waves numerous satellites appear at frequencies fQ + n and f-L + n f 2 , where f£ = f -f-. An example is shown in Fig. 3 . This indicates a high degree of remixing of the primary waves with the difference frequency. The physical mechanism may be very similar to that described by Goldman et.al.
where they consider the mixing of a high frequency wave with a low frequency wave to generate first order Stokes and anti-Stokes modes. This aspect of the experiment will be dealt with in detail in a forth coming publication.
Summarizing, we can say that the interaction between unstable waves in a beam plasma system leads to phenomena that are in general agreement with the theoretical ideas of three wave coupling in a decay mode.
Since the system is nonresonant as far as wave-particle interactions are concerned, the only other nonlinear process that could interfere is particle 10 , trapping.
The critical trapping field E cr (5) is of the order of 10 V/cm and well below the fields that may be encountered in the experiment. Although dynamically possible, trapping can nevertheless be ruled out because the transit time of the electrons through the system is smaller than, or at most of the order of the trapping time T = \ 6 tTR "VekE )
An electron can therefore not even execute one oscillation in the potential trough and the concept of trapping becomes meaningless"
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